The use of artificial perches as a nucleation technique is an alternative method of promoting the low-cost restoration of degraded environments in a short period of time. To better understand the results obtained from the use of artificial perches, this study aimed to: (1) quantify, (2) spatialize and (3) synthesize Brazilian academic literature concerning environmental restoration projects that used artificial perches. Twenty studies carried out between 1997 and 2014 were identified from several universities. Among them, 40% (n = 8) were undergraduate papers written at the end of the respective course, 35% (n = 7) constituted Master's dissertations, 15% (n = 3) were Doctoral thesis, and 10% (n = 2) were monographs' specialization. This research was distributed over four terrestrial Brazilian biomes, with 60% (n = 12) of the studies carried out in the Atlantic Rainforest biome and 20% (n = 4) in the Cerrado biome. The rate of publication was 1.17 per year, which demonstrates that studies on artificial perches in nucleation are scarce. Although most of the analyzed documents emphasized increased deposition of seeds under the perches, it is necessary to improve understanding of ecological filters in limiting the establishment of post-dispersal seedlings.
INTRODUCTION
To compensate habitat loss caused by anthropic activities, mainly those related to agriculture/livestock-raising, mining, and urbanization, a theoretical debate has arisen and has stimulated new ecological restoration strategies. These strategies are mainly focused on the restoration of ecological relationships and/or functions, creating greater stability in recently-restored habitats (REY-BENAYAS et al., 2008; REIS et al., 2014) . Many of the new restoration approaches are based on the creation of vegetation nuclei (nucleation), which permit the establishment of plant and animal species through facilitation principle ( YARRANTON; MORRISON, 1974; ZAHAWI et al., 2012) .
Plant ecological succession is the result of vegetation dynamics in response to the different capacities of plants to establish in specific places, a product of stochastic events that create many trajectory possibilities and landscape heterogeneity (CADENASSO et al., 2006; RODRIGUES et al., 2009) . Ecological succession does not follow an obvious pattern, mainly due to stochasticity and randomness brought about by environmental vectors, which tend to increase habitat richness (REY-BENAYAS et al., 2008) . Thus, environmental vectors assume great importance in the courses of ecological succession (LUNDEBERG; MOBERG, 2003) .
The Society for Ecological Restoration (SER) defines ecological restoration as "the science, practice, and art of watching and managing the recuperation of the ecological integrity of ecosystems, including a minimum level of biodiversity and variability in the structure and function of ecological processes, considering its ecological, economic and social values" (SER, 2004) . Although there are critics of this concept, ecological restoration is more than the single application of a set of techniques aiming to recover the structure and function of a degraded area; it is also a new philosophy of environmental management and restoration.
Many recent studies have focused on the biocentric principles of restoration, especially on the use of nucleation techniques, such as soil transposition, windrowing of brushwood, planting of seedlings in groups (islands of vegetation), and insertion of perches for the fauna REIS et al., 2010) . Among these techniques, artificial perches imitate dry trees in the landscape in order to attract birds (GUEDES et al., 1997) . Birds deposit seeds underneath perches after feeding on nearby fruit fragments (HOLL, 1998; CAMPOS et al., 2012) .
Thus, perches attract birds, which then stay on the perches long enough to defecate or regurgitate seeds ingested in forests (SHIELS; WALKER, 2003; SHELDON; NADKARNI, 2013) . Therefore, birds act decreasing one of the greatest limitations in the restoration of degraded environments: the arrival of seeds (PIZO et al., 2004; PEJCHAR et al., 2008; McCARRON, 2016) .
The use of artificial perches in the restoration of degraded areas has increased because of their many advantages; these include their low cost and high efficiency at increasing the seed rain of autochthonous and allochthonous species, increasing gene flow in the area under restoration BOCCHESE et al., 2008) . In addition to serving as propagules for the recomposition of the seed bank, the seeds provide a food source for secondary dispersers or seed predators (CAMPOS et al., 2012) , promoting the continued existence of the fauna at this site and gradually reconstituting the structure of trophic webs and ecosystem stability REIS et al., 2010) . Dry perches, living perches, and aerial cables enable birds to use these sites as a foraging area, rest site, and stepping-stone sites, maximizing ecosystem services for the predation of undesirable animals and seed dispersal in areas under restoration processes (REIS et al., 2003; SILVA et al., 2010) .
Most studies involving nucleation techniques, developed between 1996 to 2012, have been performed in Brazil (BOANARES; AZEVEDO, 2014) . Hypothetically, the number of published studies using perches could be higher; however, not all monographs, theses, and dissertations are effectively converted into published scientific articles. Therefore, the objective of this study was to: (1) quantify studies performed in Brazil involving artificial perches published as monographs, theses, and dissertations; (2) verify the distribution of these studies in terms of terrestrial ecoregions, Brazilian biomes, and universities; (3) synthesize the main results of these studies, which often remain unknown because they are not published in specialized journals. This analysis should provide a summary of the role of artificial perches in ecological restoration by means of nucleation in altered landscapes.
MATERIALS AND METHODS

DATA COLLECTION
The software program Publish or Perish © was used to obtain bibliographies (HARZING, 2007) . This software is a research tool that uses the Google Scholar databank and identifies documents available on the websites of different universities. This research was conducted using the general search option in the program. Terms searched as key words were: (i) artificial perches + birds; (ii) dry perches + birds (in Portuguese and English). Only studies performed in Brazil with the objective of promoting the restoration of altered ecosystems were considered.
DATA ANALYSIS
The following were selected: first: monographs (undergraduate and specialized monographs); second: Master's dissertations; third: Doctoral theses, all developed up to the end of 2014. Some of these studies were also published later as scientific articles. In this case, priority was given to the earlier document. Basic data were collected by direct analysis of the documents (e.g. author, year, and research site, university where the study was developed, and natural characteristics of the studied environment). Subsequently, ecoregions of the Brazilian territory were identified based on the classification of Olson et al. (2001) . The universities were plotted by Brazilian geopolitical regions (IBGE, 2015) , to indicate the regions with the greatest number of studies.
RESULTS
Twenty studies carried out between 1997 and 2014 that used artificial perches as a nucleation technique for the restoration were identified. Among these, 40% (n = 8) were undergraduate monographs, 35% (n = 7) were Master's dissertations, 15% (n = 3) were Doctoral Theses, and 10% (n = 2) were specialized monographs. The studies were performed in eight states, with the highest number of studies performed in Paraná state (n = 5). Regionally, the situation was as follows: South, 55% (n = 11); Southwest, 30% (n = 6); Midwest, 10% (n = 2), and Northeast, 5% (n = 1). More details are provided in Figure 1 . The studies were performed in four terrestrial biomes in Brazil, with a predominance of studies carried out in the Atlantic Rainforest (60%; n = 12) and the Cerrado (20%; n = 4). Only one study was developed in each of the Caatinga and Pampa biomes. Three records were obtained for ecotone areas, mainly in the transition zone with the Atlantic Rainforest biome. Most studies (35%; n = 7) were recorded in the Serra do Mar coastal forests ecoregion. Six studies (33.33%) were carried out in the Araucaria moist forests (three specific studies and three in ecotone areas). Details are provided in Table 1 . Among the main ecoregional factors that changed the environments where the restoration studies were developed were: plant extractivism, mineral exploitation, agriculture, and livestock raising ( Table 1) . Most of the studies (60%; n = 12) aimed to understand seed rain patterns and plant establishment, whereas 35% (n = 7) assessed bird assemblage and seed rain. A single study dealt exclusively with the bird assemblage (Table 1) . Table 1 . Synthesis of the main results per category of studies that used artificial perches developed in Brazil. PR corresponds to the type of soil use that precedes restoration and BE corresponds to, respectively, the biome and specific ecoregion in which the work was developed. The numbers between parentheses represents the map' codes. More details in Appendix 1
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DISCUSSION
Over 17 years, studies were performed at a rate of 1.17 per year. This demonstrates that studies on the use of artificial perches in restoration projects are infrequent. The estimated time taken for these studies to be published as scientific articles is imprecise, because publication can take years after monographs, theses, and dissertations have been written.
Based on the methodology used in the present analysis, until 2006, only one study had investigated the use of perches in restoration, which was carried out by Mello et al. (1997) (Appendix 1). Most of the studies were carried out in the last decade; this is due to the increased number of degree courses and postgraduate study programs available in Brazil (SANTOS; AZEVEDO, 2009; MANCEBO et al., 2015) . Thus, the predominance of works written at the end of undergraduate courses is likely to represent the recent establishment of young researchers. In addition, there is overlap of study sites (in some cases, more than one study per university; Table 1 ), demonstrating the continuation of research under the same advisor or the establishment of research groups (BOANARES; AZEVEDO, 2014) .
Considering that artificial perches can be considered a link between ornithology and forestry sciences, explaining the large number of studies in the Atlantic Rainforest biome by factors previously presented in ornithology studies becomes useful. First, most of the human resources in ornithology are from the Southeast and South (BORGES, 2008; ALVES et al., 2008) . This fact has led to more research centers in an urbanized strip that coincides with the geographical boundaries of the Atlantic Rainforest one of the 34 most threatened biodiversity hotspots in the world (MYERS et al., 2000; MYERS, 2003) . It should also be emphasized that Atlantic Rainforest and Pampa shelter 70% of the Brazilian population and the greatest industrial poles of Brazil. The average density of the Brazilian coastal zone is 87 inhabitant/km 2 , which is five times the national average, at around 17 hab/km 2 (MMA/SBF, 2002). Thus, forest fragmentation in the Atlantic Rainforest biome requires greater technical and scientific efforts to develop ecological restoration studies, which aim to minimize the effects of fragmentation and habitat loss.
Studies carried out in other biomes are also under high anthropic pressure, e.g., the Cerrado (FRANÇOSO et al., 2015) . This importance of each biome study using artificial perches to demonstrate specific processes should be stressed, such as the presence of bird species that act as effective dispersers and are exclusive to a particular biome, allowing the preparation of specific management strategies. Recently, a greater deposition of seeds under artificial perches compared with natural perches was observed in the Brazilian Cerrado (FERREIRA; MELO, 2016) . Therefore, it is important to identify habitat conditions that affect the germination and recruitment of seeds exposed to water stress, which is a typical characteristic of the Cerrado ecoregion.
Spatial distribution analysis of the analyzed studies indicated that only one study was performed in the Caatinga biome and none were performed in the Amazon Forest, Pampa, or Pantanal biomes (Figure 1 ). Of note, there are gaps in the methodology used to obtain data; studies have been performed in the Amazon Forest using artificial perches (e.g., BENTO et al., 2013) , but these were not detected by the methodology applied. The general synthesis of the studies (published works; Table 1) shows that artificial perches imitate dry tree branches physically and functionally, and direct seed rain to a specific place (GUEDES et al., 1997; HOLL, 1998) . Analysis of studies (Table 1) showed that seed rain tends to vary and is not necessarily greater when near the edge of forest fragments (DIAS et al., 2014) . This pattern depends on the complexity of the vegetation, with a tendency for dispersal to decrease with advancing forest succession (BOCCHESE et al., 2008) . It also depends on the assemblage of generalist birds, whose biological characteristics permit them to occupy open habitats, dispersing seeds beyond the edge of the source fragment ( VICENTE et al., 2010) .
Another aspect related to the synthesized data is that the frequency of birds on perches tends to be seasonal, with greater richness and abundance of potential disperser species in summer and spring in subtropical regions ( VOGEL et al., 2016) . This accompanies the phenological cycle of the vegetation (TOMAZI et al., 2010; HARTZ et al., 2012) , which is influenced by generalist migratory birds that perform the ecosystem function of dispersal and, especially, by the fact that frugivorous birds are rarely present in unstructured environments (MELO et al., 2000; CAMPOS et al., 2012) .
Analysis of studies revealed that artificial perches effectively increase seed rain in relation to the experimental controls (SHIELS; WALKER, 2003) . Under the perches, there is a predominance of seeds from trees, herbs, and lianas with the ornithochorous dispersal syndrome (PILLATT et al., 2010) . The dispersal of exotic seeds can occur under some circumstances, which compromises the quality of the vegetation regenerated under the perches and the direction of forest regeneration (MARCUZZO et al., 2013) .
Although most of the analyzed studies emphasize increased seed deposition under the perches, the establishment of seedlings is limited by post-dispersal environmental filters, such as the secondary predation of seeds e.g. action of granivorous birds (CHRISTIANIN; GALETTI, 2007), soil dissection (SILVEIRA et al., 2015) , herbivory and damage by defoliator species ( VAN-ANDEL; ARONSON, 2012), and competition from native and exotic grasses (CÉSAR et al., 2014) .
In summary, analysis of available studies (Table 1) indicated that some gaps exist on the use of artificial perches, mainly a lack of studies related to procedures to increase the recruitment of seedlings under perches. There is a need to advance methodological techniques, such as estimating the optimum perch density in the landscape (SILVA et al., 2010) , and type and ideal height of perches (DIAS et al., 2014) . Greater efforts are needed to understand the capacity of perches to increase habitat complexity (MELO et al., 2000) , because in addition to seed dispersal, perches can play a role in the reintroduction of fauna, inducing increases in the local richness of birds (HORGAN et al., 2016) .
CONCLUSION
Most of the studies analyzed (total = 20), developed as monographs, theses, and dissertations were recent (beginning in 1997), and most were devoted to the restoration of the Atlantic Rainforest biome, mainly in the Serra do Mar coastal forests and Alto Paraná ecoregions. The studies contain relevant information for the restoration of the Atlantic Rainforest and the Cerrado biomes. Most of the data are corroborated by the published literature. However, the increased amount of new information, mainly for the Caatinga, Amazon Forest, Pampa, and Pantanal biomes, could support restoration according to the specifics of the Brazilian biomes. Furthermore, they may help to provide an overview of the use of artificial perches in restoration by nucleation. Thus, the present analysis may be used to support the implantation of perches and demonstrate their important aspects to restore degraded environments.
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